The spinHamiltonian parameters (the g factors gi and the hyperne structure constants Ai, i = x, y, z) and local structure of the Cu 2+ center in PbTiO3 are theoretically studied by using the perturbation formulae of these parameters for a 3d 9 ion in an orthorhombically elongated octahedra. The orthorhombic center is attributed to Cu 2+ occupying the host Ti 4+ site associated with a nearestneighbouring oxygen vacancy VO along the caxis, and the impurity Cu 2+ o-center displacement ∆ZL (≈ 0.18 Å) is smaller than that of the host Ti 4+ site (∆ZH ≈ 0.3 Å). Meanwhile, the planar Cu 2+ O 2− bonds are found to experience the relative variation ∆R (≈ 0.098 Å) along the a-and b-axes, respectively, due to the JahnTeller eect and the size mismatching substitution of Ti 4+ by Cu 2+ . The theoretical spin-Hamiltonian parameters based on the above defect structure agree well with the observed values.
Introduction
PbTiO 3 as a member of ferroelectric perovskite family is a potential material with the technological applications in ferroelectric-volatile memory devices and piezoelectric actuators [13] . The physical and chemical properties of perovskites may be selectively changed by doping with transition-metal (TM) ions. For understanding the properties caused by these doping ions, many electron paramagnetic resonance (EPR) spectra of PbTiO 3 doped with TM impurities have been made [48] . The EPR technique is a powerful tool to study the defect model and defect structure of paramagnetic impurity centers in crystals. These studies show that divalent and trivalent states of substitutional 3d n ions at Ti 4+ site can be charge compensated by a nearest-neighbour oxygen vacancy V O , and the microstructure of these M n+ − V O centers has attracted the attention of many investigators [911] . Amongst these TM ions, Cu 2+ (3d 9 ) ion is a model system with a single 3d hole, corresponding to only one ground state and one excited state under ideal octahedral crystal-elds. EPR studies for Cu 2+ can provide important structural and electronic information of the doped materials and are of specic signicance. For example, Warren et al. [12] performed EPR studies on Cu 2+ doped in PbTiO 3 , and the spin-Hamiltonian (SH) parameters (the g factors g i and the hyperne structure constants A i , i = x, y, z) were also measured. The observed g factor (g x ≈ 2.051, g y ≈ 2.065, and g z ≈ 2.340 [12] ) of the orthorhombic center for PbTiO 3 :Cu 2+ was very close to that (g x ≈ 2.106, g y ≈ 2.076, and g z ≈ 2.381 [13] As a result, the local structure of the impurity center can be described by the [CuO 5 ] 8− cluster and the impurity o-center displacement (characterized by ∆Z L ) and the relative planar bond length variation (characterized by ∆R) (see Fig. 1 ). Consequently, the impurity-ligand bond lengths are divided into three groups, i.e., the planar ones labeled as R 1 and R 2 along the a-and b-axes due to the bond length variation ∆R and the o-planar one labeled as R 3 along the c-axis. The angles between the planar bond lengths R 1 and R 2 and the c-axis are dened as θ 1 and θ 2 , respectively. The local bond lengths and bond angles are determined as
Thus, the impurity-ligand bonding lengths are unlike the host TiO distances R ≈ 2.076 Å and R ⊥ ≈ 1.952 Å [15] parallel and perpendicular to the c-axis for the center of the oxygen octahedron in the host PbTiO 3 .
For a Cu 2+ (3d 9 ) ion in orthorhombically elongated octahedra, its lower orbital doublet 2 E g would be separated into two singlets 2 A 1g (θ) and 2 A 1g (ε), with the latter lying lowest [16, 17] . Meanwhile, the higher cubic orbital triplet 2 T 2g would be split into three singlets 2 B 1g (ζ), 2 B 2g (η) and 2 B 3g (ξ) [16, 17] 
Here g s (≈ 2.0023) is the spin-only value. k (≈ N 2 ) is the orbital reduction factor, characteristic of the covalence effect of the studied system. ζ and P are, respectively, the spinorbit coupling coecient and the dipolar hyperne structure parameter for the 3d 9 ion in crystals. Because of the covalence reduction eect for 3d
n ions in crystals,
we have [20, 21] :
Here, for a free Cu 2+ ion, the dipolar hyperne structure parameter P 0 (≈ 388 × 10 −4 cm −1 [22] ). The isotropic core polarization constants satises the relationship κ ≈ −2χ/(3 r −3 ) [23] 
From the superposition model [24] and the local geometrical relationship of the studied impurity center, the orthorhombic eld parameters are determined as follows:
(35 cos
Here t 2 ≈ 3 and t 4 ≈ 5 [10, 14, 2528] Table II. 
Discussion
It can be seen from Table I that (1) The experimental orthorhombic SH parameters for PbTiO 3 :Cu 2+ are conveniently described by the axial and perpendicular anisotropies ∆g and δg. According to Eqs. (1), (2) and (5) 
Conclusion
The orthorhombic Cu 2+ center in PbTiO 3 can be de- 
